Objective-To assess the relation between reported physical activity and the risk of heart attacks in middle aged British men.
(FEV1) in men without evidence of ischaemic heart disease. Risk of heart attack decreased significantly with increasing physical activity; the groups reporting moderate and moderately vigorous activity experienced less than half the rate seen in inactive men. The benefits of physical activity were seen most consistently in men without preexisting ischaemic heart disease and up to levels of moderately vigorous activity. Vigorously active men had higher rates of heart attack than men with moderate or moderately vigorous activity. The relation between physical activity and the risk of heart attack seemed to be independent of other cardiovascular risk factors.
Men with symptomatic ischaemic heart disease showed a reduction in the rate of heart attack at light or moderate levels of physical activity, beyond which the risk of heart attack increased. Men with asymptomatic ischaemic heart disease showed an increasing risk of heart attack with increasing levels of physical activity, but with a progressive decrease in case fatality. Overall, men who engaged in vigorous (sporting) activity of any frequency had significantly lower rates of heart attack than men who reported no sporting activity. However, when all men reporting regular sporting activity at least once a month were excluded from analysis, there remained a strong inverse relation between physical activity and the risk of heart attack in men without pre-existing ischaemic heart disease.
Conclusion-This study suggests that the overall level of physical activity is an important independent protective factor in ischaemic heart disease and that vigorous (sporting) exercise, although beneficial in its own right, is not essential in order to obtain such an effect.
There is considerable evidence that increased levels of physical activity are associated with lowered incidence rates of ischaemic heart disease.' Particular attention has been paid to leisure time activity because few middle-aged men do physically demanding work and because, in public health terms, occupational activity is not amenable to change. Studies in British civil servants suggest that exercise is associated with a reduced risk of coronary events only when the exercise is both vigorous and sustained.' This raises the important issue of whether lesser levels of physical activity have any effect on diminishing the risk of heart attack, an issue of considerable importance in a society in which regular vigorous activity is exceptional. Studies in the United States suggest that there is a continuous relation between physical activity and protection from heart attack."7 It has been suggested that this beneficial effect is largely mediated by the effects of physical activity on known coronary risk factors.8 In most studies, the relation has been examined in people free of clinical evidence of ischaemic heart disease and little is known about the long term effects of exercise in people with pre-existing evidence of ischaemic heart disease. The present paper examines the relation between physical activity and risk of heart attack in middle-aged men, drawn from general practices in 24 British towns, which are representative of the socioeconomic distribution of men in Great Britain. It includes men with pre-existing ischaemic heart disease.
in each of 24 towns in England, Wales, and Scotland. The criteria for selecting the town, the general practice, and the subjects as well as the methods of data collection have been reported.9 Research nurses administered to each man a standard questionnaire that included questions on smoking habits, alcohol intake, physai=-activity, and medical history. Several physical measurements were made and blood samples were taken for measurement of biochemical and haematological variables. Details of the measurement of serum lipid concentrations have been described.'0 The men were classified according to their current smoking status into five groups: those who had never smoked, ex-cigarette smokers, and three groups of current smokers (<20, 20, >20 cigarettes/day). Those who had only ever smoked pipe/cigars were grouped as "never smoked". Ex-cigarette smokers who currently smoked pipe/cigars were grouped as excigarette smokers. Alcohol consumption was recorded using questions on frequency, quantity, and type, similar to those used in the 1978 General Household Survey. Heavy drinkers were defined as those who regularly drank more than six drinks a day. The longestheld occupation of each man was recorded, and the men were grouped into one of six of the Registrar General's social classes: I, II, III non-manual, III manual, IV, and V. Men who had spent most of their working life in the armed forces form a separate group. For some analyses social classes I, II, and III nonmanual were combined as non-manual workers and social classes III manual, IV, and V as manual workers. In the subsequent analyses men in groups B and C are regarded as having pre-existing ischaemic heart disease.
PHYSICAL ACTIVITY
The men were asked to indicate their usual pattern of physical activity, under the headings of regular walking or cycling, recreational activity, and sporting (vigorous) activity. A physical activity (exercise) score was derived for each man based on the frequency and type (intensity) of the physical activity. Scores were assigned for each type of activity and duration based on the intensity and energy demands of the activities reported (table 1) . This was based on the recommendations of a National Heart, Lung and Blood Institute (NHLBI) workshop'2 and the Minnesota intensity codes.'3 Scores were heavily weighted on vigorous exercise. Physical activity at work was excluded from the score partly because few middle-aged men do physically demanding work and partly because such activity is not readily amenable to modification. Though the gradings were arbitrary we tried to ensure that any given score implied approximately equal intensity and energy demands for the various types of activity. The total score for each man was not a measure of total time spent in physical activity but was a relative measure of how much physical activity has been carried out or energy expended. Regular walking and cycling related to weekday journeys, including those to and from work. Recreational activity includes gardening, pleasure walking, and do-it-yourself jobs. Sporting (vigorous) FOLLOW UP All men, whether or not they showed evidence of ischaemic heart disease at initial examination, were followed up for all cause mortality and cardiovascular morbidity. Information on death was collected through the established "tagging" procedures provided by the National Health Service registers in Southport (England and Wales) and Edinburgh (Scotland). Major ischaemic heart disease events (fatal and non-fatal) were based on an eight year period of follow up for all men. A non-fatal myocardial infarction was diagnosed according to WHO criteria. Fatal events were defined as death from ischaemic heart disease (International Classification of Disease 9th revision: codes 410-414) as the underlying cause. They comprised any ischaemic heart disease death in an individual during the eight year follow up irrespective of a previous nonfatal event during that period. Case fatality was defined as the proportion ofthe major ischaemic heart disease events in which death occurred during the first event during follow up and within 28 
Results
Within the eight year follow up there were 488 major ischaemic heart disease events ("heart attacks") (fatal 217 Physical activity index ranged from 0 to 41 with a median of 7. Figure 1 shows the distribution of the score.
VALIDITY OF THE SCORE
It is well established that regular exercise improves physical fitness and lowers heart rate. Because heart rate is strongly influenced by the presence of pre-existing heart disease we examined the association between physical activity and heart rate in men with no evidence of ischaemic heart disease ( fig 2) . There was a strong association between physical activity and heart rate even after adjusting for age, body mass index, social class, and smoking, with heart rate decreasing significantly with increasing activity (p < 0 0001). FEv, was also considered as a possible method of validating the physical activity index and it increased progressively with increasing physical activity (p < 00001), even after adjusting for age, body mass index, social class, and smoking ( fig 2) . However, although ventilatory capacity is related to recreational activity, it is poorly correlated with other measures of physical fitness'4 and validation in this study rests on the relation with heart rate.
PHYSICAL ACTIVITY AND HEART ATTACK Figure 3 shows the crude and age adjusted heart attack rates for all men in the study separated into the six physical activity categories. Men who were inactive had a significantly higher attack rate than all other men and risk decreased significantly with increasing activity (p < 0001). The apparent benefit ofphysical activity was most clearly seen in those who did moderate to vigorous activities (score > 9). These men had more than a 50% reduction in the risk of heart attack compared with men who were inactive.
PHYSICAL ACTIVITY AND PERSONAL CHARACTERISTICS
Because physical activity is known to be associated with other health related behaviours and is also conditioned by ill health, we 0-2 3-5 6-8 9-12 [13] [14] [15] [16] [17] [18] [19] [20] Physical activity index 21+ examined the personal characteristics and prevalence of ischaemic heart disease in the six physical activity categories (table 2) . Those who were moderately active or more (score > 9) tended to be younger and were more likely to be non-manual workers. There was little difference in age and social class between those who were inactive (0-2) and men who were occasionally or lightly active (score [3] [4] [5] [6] [7] [8] . The proportion of current smokers decreased with increasing physical activity. The proportion of ex-smokers was similar in all groups. The proportion of men who had never smoked was highest in the most active group and decreased considerably towards those who are inactive. The proportion of obese men decreased progressively with increasing activity even though the mean body mass index only decreased slightly. Inactive men were more likely to be heavy drinkers (> 6 drinks daily) but there was little difference between the other activity groups. There was a strong association between physical activity and presence of preexisting ischaemic heart disease, the prevalence tending to decrease with increasing physical activity. Those who were inactive had the highest prevalence of angina. The proportion of men with definite myocardial infarction decreased steadily as physical activity increased. The proportion of men reporting any degree of breathlessness, in particular severe breathlessness, decreased considerably with increasing activity. This is likely to be associated with both the high prevalence of ischaemic heart disease as well as the lack of physical fitness.
PHYSICAL ACTIVITY, AGE, AND HEART ATTACK
The relation between physical activity and risk of heart attack was examined separately in those aged 40-49 and 50-59 after adjustment for smoking, social class, and body mass index (fig 4) . In the older men being inactive was associated with a high rate of heart attack, suggesting the effect of pre-existing ischaemic heart disease. In younger men, those who were inactive had rates similar to occasionally or lightly active men. However, in both age groups moderate (9-12) to moderately vigorous (13) (14) (15) (16) (17) (18) (19) (20) activities were associated with lower rates than inactive or occasionally active men. In younger men, those who were most active had a risk similar to the inactive, occasional, or lightly active men. In these men the risk of heart attack was significantly higher (p = 0 03) than in the moderately vigorous men. This was not seen for older men, and may reflect random variation or the type of sport undertaken. In these younger vigorously active men there was no undue increase in the proportion of sudden death.
PHYSICAL ACTIVITY AND PRE-EXISTING ISCHAEMIC HEART DISEASE
Because the presence and severity of ischaemic heart disease is likely to condition patterns of physical activity, we examined the relation separately in men with and without ischaemic heart disease, adjusting for age, social class, body mass index, and smoking (fig 5) . In men without pre-existing ischaemic heart disease there was a strong inverse association between physical activity and heart attack up to levels of moderately vigorous activity (p < 0 001). Those To assess whether the beneficial effect of fitness.
physical activity on risk of heart attack is mediated in part by its influence on risk factors SOCIAL CLASS AND HEART ATTACK (tables 2 and 3) we examined the relation in The relation between physical activity and men without ischaemic heart disease, adjusting heart attack in men without evidence of as previously for age, body mass index, social ischaemic heart disease was similar in both class, and smoking status (see fig 5) and then, in social classes. Those who carried out moderate addition, for systolic blood pressure, blood or moderately vigorous activity (13) (14) (15) (16) (17) (18) (19) (20) showed lipids, FEV1, breathlessness, and heart rate. a large reduction in the risk ofheart attack. Risk Heart rate has been shown in some studies to be increased in those in the vigorous activity associated with an increased risk of coronary group in both social classes (data not heart disease independent of other risk facpresented). (table 3) . There was a tendency for blood pressure to decrease with increasing activity, the decrease being greater for diastolic than for systolic (p = 0-04 and p < 0-01 respectively). However, in the most active group blood pressures increased slightly. Because physical activity is strongly and inversely associated with heart rate, which is also correlated with systolic and diastolic blood pressure (r = 0-2, p < 0X0001 and r = 0-18, p < 00001 respectively), adjustments were made for heart t Adjusted in addition for systolic blood pressure, total cholesterol, HDL cholesterol, FEV,, breathlessness, and heart rate. adjustment the risk of heart attack was only slightly lower than that seen in men who were inactive.
TYPES OF ACTIVITY AND HEART ATTACK
The physical activity index provides a relative measure of overall physical activity. It was of interest to see whether any specific type of activity was most associated with a beneficial effect. "Recreational" work was the most frequent type ofleisure activity (table 5) The attack rate adjusted for age, social class, smoking, and body mass index by the different types of physical activity is shown in table 4 separately in men with and without ischaemic heart disease. These activities are not mutually exclusive. Regular walking was not significantly associated with the risk of heart attack, though in men without ischaemic heart disease those who walked 41-60 minutes a day to and from work (more than a mile each time at fast pace) showed a decreased risk compared with other men (p = 0-06). In men with ischaemic heart disease regular walking seemed to have little Table 6 Relative risk* of heart attack in men with and without pre-existing ischaemic heart disease according to physical activity index excluding all men engaged in sporting activity at least once a month effect on heart attack rate. The increased rate in those with the longest duration of walking was not significantly different from the rest. In men without ischaemic heart disease cycling was associatied with a small (non-significant) reduction in risk. The number ofmen with ischaemic heart disease who cycled was too small to draw any inference. Recreational activity was associated with a reduced rate of heart attack in both men with and without ischaemic heart disease. The risk decreased progressively from those who reported being very inactive to those who reported being at least average. This trend was significant for men without ischaemic heart disease (p = 0 04) but did not reach significance in those with evidence of ischaemic heart disease. Sporting exercise was significantly associated with a decreased risk in heart attack in men with no previous ischaemic heart disease. Overall, those who did any regular sporting exercise had lower rates than those who did no sporting exercise but the rate did not decrease progressively with increasing frequency ofsporting activity. (table 6) . Among men with ischaemic heart disease those who were inactive had slightly higher rates than all other men.
Discussion
It is widely accepted that physical activity is associated with a beneficial effect on ischaemic heart disease, with most studies showing an increased risk in sedentary subjects compared with "active" subjects." '7 Regular physical activity improves physical fitness, and several researchers have suggested that the effect of physical activity on ischaemic heart disease is determined by its influence on physical fitness. Several recent American studies using objective measures of physical fitness have shown a strong inverse association with the risk of coronary heart disease."'22 Some studies have found that the relation between physical activity patterns and risk of coronary disease diminishes after adjustment for measures of physical fitness.20'2 The type and level of physical activity in subjects classified as "active" vary considerably in the different studies and there is still debate as to what type, duration, and intensity of physical activity are required to achieve levels of fitness likely to produce a beneficial effect. Studies in British male civil servants suggest that it has to be regular, aerobic, and vigorous exercise to achieve a beneficial effect.2' In the United States Paffenbarger and colleagues suggested that frequent lighter activities are sufficient to produce a beneficial effect.5 BRITISH REGIONAL HEART STUDY In the present study physical activity showed a strong inverse association with risk of heart attack. Physical activity was strongly associated with smoking, social class, obesity, and prevalence of pre-existing ischaemic heart disease. Men who were inactive were more likely to be smokers, to be manual workers, and to be obese and had a higher prevalence of preexisting ischaemic heart disease than men who were more active. The inverse association between smoking and physical activity seen in this study is consistent with several other studies. Because the development of ischaemic heart disease is likely to result in changes to the pattern of physical activity, the relation was examined separately in men with and without evidence of ischaemic heart disease. In men with no ischaemic heart disease the risk ofheart attack decreased to levels of moderately vigorous activity. Men only associated with the reduction of heart attacks but these men were also more likely to survive a heart attack than less active men. However, in men who undertook vigorous levels of activity, the risk of heart attacks increased. These men tend to be engaged in vigorous sport at least three times a week. Though the number of men in this group was small, there is a suggestion that the extremes of vigorous exercise may have adverse effects on the heart, particularly in younger middle-aged men (see addendum).
RISKS OF VIGOROUS EXERCISE
The findings of an increased risk in very vigorous subjects has been reported in several other studies.41722 Paffenbarger et al observed an increase in mortality in the top level of energy expenditure-that is, over 3500 kcal/ week.5 The Puerto Rican Heart Study found an increased risk in the most active group.'7 In a study of apparently healthy, middle aged men, Erikssen found an increased risk in the most fit men.23 In the Multiple Risk Factor Intervention Trial study, although their highest activity category was very broad, they indicated that more vigorous activity did not confer any further protection than did moderately intense activities. 7 Siscovick et al found that the risk of primary cardiac arrest is transiently increased during vigorous exercise-that is, risk during exercise among men at the highest level of habitual activity.24 There is also growing evidence that strenuous exercise may precipitate sudden death in middle aged men. 25 The increased risk seen in our study was only evident in the younger men and may reflect the type of sport undertaken (see addendum).
RISK FACTORS AND PHYSICAL ACTIVITY
Physical activity has been shown to be associated with a favourable influence on risk factors including the reduction of blood pressure and obesity and an increase in high density lipoprotein cholesterol.26 In the present study physical activity was associated with a small increase in high density lipoprotein cholesterol that was apparent only at the highest levels of activity. This is consistent with several studies that indicate that only strenuous and aerobic exercise increases high density lipoprotein cholesterol.26 There was a small reduction in blood pressure with increasing physical activity, which was stronger for diastolic than for systolic and largely attributable to the reduction in heart rate associated with physical activity. No association was seen between physical activity and serum total cholesterol. The effects of physical activity on these risk factors are small and are unlikely to explain the relation seen. Physical activity was strongly associated with FEV1, which has been shown to be a strong predictor of ischaemic heart disease.'5 However, even after adjusting in addition for high density lipoprotein cholesterol, systolic blood pressure, total cholesterol, and FEV1 the inverse relation persisted. This is consistent with most other studies showing that the risk of ischaemic heart disease associated with inactivity is attenuated but does not disappear after adjusting for coronary risk fac-tors.7 17 Men who were vigorously active had the most favourable risk factors but their risk was similar to inactive men after adjustment.
PRE-EXISTING ISCHAEMIC HEART DISEASE
Most prospective studies examining the relation between physical activity and ischaemic heart disease have excluded men with evidence of cardiovascular disease. Little therefore is known about the long term effects of physical activity in the presence of ischaemic heart disease. Evidence on the effect ofexercise comes from clinical trials, which overall have been inconclusive.27 A recent study on physical training in 11 patients with chronic heart failure suggests that exercise training can increase exercise duration and improve symptoms, but such studies provide no information on ultimate outcome. 28 The inverse pattern clearly seen in men without ischaemic heart disease was not as apparent in men with ischaemic heart disease, though inactive men had the highest risk ( fig 5) . In men with symptomatic evidence of ischaemic heart disease-that is, those who were aware of their cardiac problem ( fig 6) -there was a U-shaped relation, with risk decreasing to levels of light and moderate activity and increasing at more vigorous levels of activity. The implications of this analysis are that light or moderate physical activity in men with symptomatic ischaemic heart disease may be of benefit and that moderately vigorous or vigorous activity may be detrimental. In men with asymptomatic ischaemic heart disease ( fig 6) risk tended to increase with increasing activity though the fatality rate decreased. The implication is that although these men achieved increasing cardiopulmonary fitness from increasing physical activity, their risk of heart attack was increased by increasing physical activity.
IS VIGOROUS SPORT ESSENTIAL?
The most popular physical activity was recreational activity-for example, gardening, do-it-yourself, and pleasure walking. Twenty five percent of the men were engaged in regular (at least once a month) vigorous sporting activity. Results from other British studies have suggested that such aerobic exercise is essential to produce a beneficial effect. 4 However, when all men who undertook vigorous sport were excluded from the analyses, there was still a strong inverse association, with risk significantly lowered in those who carried out frequent physical activities. Our results accord with those of Paffenbarger et al who suggested that regular frequent activity is associated with a reduced rate of heart attack. Several other American studies have shown moderate levels of activity to be sufficient to produce a beneficial effect"' and have shown that benefit is derived from non-vigorous leisure activities such as pleasure walking and gardening. In the British Regional Heart Study recreational activity showed the most consistent relation, with heart attack rates decreasing with frequency of these activities and this was apparent both for men with and without ischaemic heart disease. Vigorous sport was beneficial in men without ischaemic heart disease but there was no dose-response relation with increasing frequency and the risk in those engaged in vigorous sport three or more times a week was similar to those who reported no vigorous activity.
IMPLICATIONS AND RECOMMENDATIONS
Men free of ischaemic heart disease In this population of middle-aged men, moderate or moderately vigorous physical activity was associated with a significantly decreased risk of heart attack. Moderate physical activity involves frequent recreational activities plus regular walking or vigorous activity once a week. Moderately vigorous activity involves frequent recreational activities, plus cycling or sporting activity at least once a week. However, even if no regular sporting activity is carried out, increasing levels of other forms of physical activity are strongly associated with decreasing risk of heart attack. There seems to be an increased risk of heart attack in younger middle-aged men (40-49) who carry out frequent sporting activity-for example, more than three times a week. While not wishing to sound unduly cautious in an era of jogging, squash, and marathon running, it might be reasonable for men in middle-age considering a programme of vigorous activity to undergo a review of their cardiovascular state. In view of the high prevalence rate of ischaemic heart disease in middle aged British men29 this is neither alarmist nor unreasonable (see addendum).
Men with ischaemic heart disease In men with symptomatic ischaemic heart disease physical activity at light or moderate levels is associated with a slightly diminished risk of heart attack. At higher levels of physical activity, however, the rate of heart attack increases and is similar to those seen in inactive men. The message to such men is that light or moderate physical activity is likely to be of benefit. However, undertaking vigorous activity may produce ill effects and they would do well to discuss any proposed activity at a higher level with their physician. In men with asymptomatic ischaemic heart disease detected only by routine electrocardiogram-for example, in health checks, screening programmes, or insurance examinations, although the overall rate of heart attack is lower than in men with symptomatic ischaemic heart disease, the risk of heart attack appears to increase with increasing physical activity. The 
Addendum
Further analyses strongly suggest that the increased risk of heart attack in men without ischaemic heart disease involved in vigorous levels of physical activity may reflect the presence ofhypertension in addition to the type and degree of sporting exertion. This possibility is now being fully examined.
in middle-aged British men. Table 16 showed the number of technicians in the Regions of England and Wales, and these figures were correct according to the returns received. But the calculations for numbers per 250 000 were incorrect-the true totals were slightly higher. This error represents a complex calculation based on the premise that the need for technician time is not related in a linear fashion to population. These figures were derived for another purpose but were inadvertently substituted for the original calculations that had been correctly made.
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